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Abstract 
7KLVSDSHUVHHNVWRGHWHUPLQHWKHUHODWLRQVKLSEHWZHHQWKHEHVWFKURPRVRPHDQGLWVDQFHVWRUVLQJHQHWLFDOJRULWKPV7KHGRPDLQ
FKRVHQLVWKDWRIWKHFODVVLFDOORWVL]LQJSUREOHP$JHQHWLFDOJRULWKPVRIWZDUHLVGHYHORSHGWRILQGWKHEHVWORWVL]H:HWUDFHWKH
EHVWFKURPRVRPHEDFNIRUDOOJHQHUDWLRQVWRLWVDQFHVWRUVDQGREVHUYHWKHHYROXWLRQDU\SURFHVV7KHSUHOLPLQDU\UHVXOWVVKRZWKDW
QRW DOO SURPLVLQJ VROXWLRQVOHGWR WKHEHVW FKURPRVRPH7KHUHZHUH VHYHUDOJRRGFKURPRVRPHV UHSHDWLQJ IURP JHQHUDWLRQ WR
JHQHUDWLRQLQWKHODWHUSDUWRIWKHSURFHVVDQGHYHQWXDOO\OHDGLQJWRWKHEHVWFKURPRVRPH
3XEOLVKHGE\(OVHYLHU%9
.H\ZRUGVDQDO\VLVRIHYROXWLRQDU\SURFHVVDQFHVWRUVORWVL]LQJDSSOLFDWLRQ
1. Introduction  
7KHPDLQSXUSRVHRIWKLVSDSHULVWRSHUIRUPDSUHOLPLQDU\LQYHVWLJDWLRQLQWRWKHHYROXWLRQDU\SURFHVVRIJHQHWLF
DOJRULWKPV $Q DWWHPSW LV PDGH WR ILQG RXW KRZ JRRG VROXWLRQV HYROYH IURP WKH LQLWLDO SRSXODWLRQ DQG ZKLFK
FKURPRVRPHVLQHDFKJHQHUDWLRQHYHQWXDOO\FRQWULEXWHWRWKHEHVWVROXWLRQ)XUWKHUPRUHWKHSHUFHQWDJHRIVLPLODULW\
LVDOVRLGHQWLILHGIRUWKHVHLPSRUWDQWFKURPRVRPHVGXULQJWKHHYROXWLRQDU\SURFHVV
7KHDSSOLFDWLRQGRPDLQLVWKHORWVL]LQJDUHD/RWVL]LQJLVRQHRIWKHNH\HOHPHQWVLQSURGXFWLRQPDQDJHPHQW
/RWVL]LQJGHWHUPLQHVWKHTXDQWLW\DQGWLPLQJRIRUGHUV7KHVHRUGHUVDUHGHWHUPLQHGDWWKHEHJLQQLQJRISODQQLQJ
SHULRGDQGUHOHDVHGLQWKHLGHQWLILHGSHULRGV,QWKLVVWXG\VKRUWDJHVDUHQRWDOORZHG7KHORWVL]HLGHQWLILHGIRURQH
SHULRGGHSHQGVQRWRQO\RQWKHGHPDQGIRUWKDWSHULRGEXWDOVRGHSHQGVRQWKHGHPDQGIRUWKHIROORZLQJSHULRGV
7KHUHDUHYDULRXVPHWKRGVIRUFRPSXWLQJORWVL]HVLQFOXGLQJJHQHWLFDOJRULWKPV7KHREMHFWLYHLVWRPLQLPL]HWKH
WRWDOFRVWRILQYHQWRU\FDUU\LQJDQGVHWXSFRVWV

2. Literature Review  
7KHOLWHUDWXUHJLYHQLQWKLVSDUDJUDSKEULHIO\GLVFXVVHV*$DSSOLFDWLRQVLQORWVL]LQJ+HUQDQGH]DQG6HU
GHYHORSHGDJHQHWLFDOJRULWKPDSSOLFDWLRQIRUVLQJOHLWHPORWVL]LQJSUREOHP7KH\DOVRVWXGLHGWKHLPSDFWRIVFDOLQJ
RQ WKH SHUIRUPDQFH RI WKH*$ +RS HW DO  SURSRVHG DQ DGDSWLYH JHQHWLF DOJRULWKP IRU WKLV SUREOHP7KH
DGDSWLYH*$SURYLGHGEDGVROXWLRQV LQWKH LQLWLDOJHQHUDWLRQVEXW WKHQLPSURYHGTXLFNO\DQG ILQDOO\ IRXQGEHWWHU
VROXWLRQVZKHQFRPSDUHGZLWK6LOYHU0HDOSURFHGXUH *DDIDUHWDO DOVR SURSRVHGD*$DSSURDFKZKHUH
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RUGHUVKDYHWREHLQWHJHUPXOWLSOHVRID IL[HGTXDQWLW\7KH\SURSRVHGPXOWLSOHFURVVRYHUDQGPXWDWLRQRSHUDWRUV
7KHUHVXOWVLQGLFDWHWKDWWKH*$SHUIRUPHGEHWWHUWKDQWKHPRGLILHG6LOYHU0HDO60DSSURDFKRQFDVHV6HU
%DGXUGHHQDQG'LVVDQD\DNH SURSRVHGDPXOWLFKURPRVRPHFURVVRYHUVWUDWHJ\ IRUDFDSDFLWDWHGPXOWLLWHP
ORW VL]LQJ SUREOHP 7KH\ DOVR LQFOXGHG ODERU FRVW LQ WKHLU VWXG\&KURPRVRPH VHJPHQWVZHUH JURXSHG LQWR WKUHH
FDWHJRULHV DQG PRUH WKDQ WZR FKURPRVRPHV FRXOG EH LQYROYHG LQ WKH JHQHUDWLRQ RI DQ RIIVSULQJ 7KH UHVXOWV
RXWSHUIRUPHGFODVVLFDO*$DSSURDFK

3. Methodology 
,QWKLVSDSHUDELQDU\UHSUHVHQWDWLRQ LVXVHGIRUFKURPRVRPHGHILQLWLRQ7KHFKURPRVRPHFRQVLVWVRI tJHQHV
ZKHUHtLVWKHQXPEHURISHULRGVLQWKHSODQQLQJKRUL]RQ,QWKLVELQDU\UHSUHVHQWDWLRQLQDSHULRGPHDQVWKDWDQ
RUGHUZLOO EH SODFHG LQ WKDW SHULRG7KH RUGHU VL]H LQFOXGHV DOO WKH UHTXLUHPHQWV LQ WKLV SDUWLFXODU SHULRG DQG DOO
FRQVHFXWLYH³´SHULRGVXQWLODQRWKHUSHULRGZLWKLVUHDFKHGDJDLQ7KHILUVWJHQHDOZD\VWDNHVDYDOXHRIWR
DYRLGVKRUWDJHV7KLVFRQFHSWFDQEHLOOXVWUDWHGZLWKDQH[DPSOHJLYHQLQ)LJXUHZKHUHWKHUHDUHVL[SHULRGVLQWKH
SODQQLQJKRUL]RQ7KHILUVWRUGHULVSODFHGLQSHULRGDQGFRYHUVUHTXLUHPHQWVIRUWKHILUVWWKUHHSHULRGVWKHVHFRQG
RUGHULVSODFHGLQSHULRGDQGWKHWKLUGRUGHULVSODFHGLQSHULRGDQGFRYHUVUHTXLUHPHQWVRISHULRGVDQG

7DEOH&KURPRVRPHUHSUHVHQWDWLRQIRUDORWVL]LQJSUREOHP
3HULRG      
&KURPRVRPH      
1HW5HTXLUHPHQWV      
2UGHU6L]H      

7KH GDWD XVHG LQ WKH H[SHULPHQWDWLRQ LV JLYHQ LQ 7DEOH  7KH LQYHQWRU\ FDUU\LQJ FRVW LV XQLWSHULRG DQG
RUGHULQJFRVWLVRUGHU$JHQHWLFDOJRULWKPVRIWZDUHLVGHYHORSHGDQGXVHGWRWUDFNWKHDQFHVWRUVRIWKHEHVW
FKURPRVRPH7KHVRIWZDUHUHFRUGVWKHFKURPRVRPHVWUXFWXUHVWKHLUVLPLODULW\WRWKHEHVWFKURPRVRPHFXWSRLQWV
ILWQHVV IXQFWLRQV SDUHQWV RI HDFK FKURPRVRPH DQG DOO RWKHU UHODWHG LQIRUPDWLRQ DERXW DOO FKURPRVRPHV IRU DOO
JHQHUDWLRQV ,WZULWHV WKLVGDWD WRD WH[W ILOH7KH ILWQHVV IXQFWLRQ LVWKH WRWDOFRVW IRVHWXSDQG LQYHQWRU\FDUU\LQJ
FRVWV
7DEOH1HWUHTXLUHPHQWVIRUDOOSHULRGV
3HULRGV          
5HTXLUHPHQWV          

7KHVHWWLQJVXVHGLQWKHH[SHULPHQWDWLRQIRUSHULRGVL]HSRSXODWLRQVL]HFURVVRYHUDQGPXWDWLRQSUREDELOLW\DQG
WKHVHOHFWLRQPRGHRISRSXODWLRQDUHVKRZQLQ7DEOH

7DEOH6HWWLQJVXVHGLQWKHH[SHULPHQWDWLRQV
6HWWLQJ /HQJWKRI
SODQQLQJKRUL]RQ
3RSXODWLRQ
VL]H
&URVVRYHU
SUREDELOLW\
0XWDWLRQ
SUREDELOLW\
6HOHFWLRQ
PRGH
3DUDPHWHU     5DQGRP
4. Analysis and Results 
,QWKLVH[SHULPHQWDWLRQWKHQXPEHURIJHQHUDWLRQVLVVHWWR)LJXUHVKRZVWKHFKURPRVRPHVLQWKHLQLWLDO
SRSXODWLRQDQGWKHLU ILWQHVVIXQFWLRQYDOXHVDQGVLPLODULW\WRWKHEHVWFKURPRVRPHDQGRWKHUUHOHYDQWLQIRUPDWLRQ
6LPLODULW\LVIRXQGE\GLYLGLQJWKHQXPEHURIVKDUHGJHQHVZLWKWKHEHVWFKURPRVRPHWRWKHQXPEHURISHULRGVE\
LJQRULQJWKHILUVWJHQH6LQFHWKHILUVWJHQHKDVWREHDWDOOFKURPRVRPHVLWLVQRWLQFOXGHGZKLOHILQGLQJVLPLODULW\
YDOXHV  7KLV LV D JRRG PHDVXUH RI FRPPRQDOLW\ DQG WKXV WKH VLPLODULW\ OHYHO EHWZHHQ WZR FKURPRVRPHV )RU
H[DPSOHFKURPRVRPHKDVILYHFRPPRQJHQHVRXWRIQLQHZLWKWKHEHVWFKURPRVRPHZLWKDVLPLODULW\RI
*$IRXQGWKHEHVWUHVXOWILUVWDWWKHWKJHQHUDWLRQZLWKDILWQHVVIXQFWLRQYDOXHRI)LJXUHLOOXVWUDWHVWKH
ILWQHVV IXQFWLRQ YDOXHV WKURXJK DOO JHQHUDWLRQV ,W LV HYLGHQW WKDW WKH VRIWZDUH IRXQG WKH EHVW ILWQHVV IXQFWLRQ LQ
VHYHUDOJHQHUDWLRQV2QO\WKHDQFHVWRUVRIWKHILUVWEHVWUHVXOWLVDQDO\VHGLQWKLVSDSHU
7DEOH  VKRZV VRPH RI WKH DQFHVWRUV RI WKH EHVW FKURPRVRPH DOO WKH ZD\ EDFN WR WKH LQLWLDO SRSXODWLRQ
&KURPRVRPH W\SH UHSUHVHQWV ,'QXPEHUV IRU UHSHDWLQJ FKURPRVRPHV GXULQJ WKH HQWLUH HYROXWLRQDU\ SURFHVV )RU
QRQUHSHDWLQJ FKURPRVRPHV QR QXPEHU EXW FDSLWDO OHWWHU 8 XQLTXH LV DVVLJQHG ,W FDQ EH VHHQ WKDW PDQ\
FKURPRVRPHVUHSHDWDWYDULRXVJHQHUDWLRQV,QGHHGWKHVDPHFKURPRVRPHW\SHH[LVWVLQRQHJHQHUDWLRQZLWKPRUH
WKDQRQHFRS\DVVHHQLQJHQHUDWLRQ
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

)LJXUH5HVXOWVDQGLQLWLDOSRSXODWLRQGDWDIRUWKHH[SHULPHQWDWLRQ


)LJXUH*UDSKLFDOUHSUHVHQWDWLRQRIILWQHVVIXQFWLRQVE\JHQHUDWLRQV

7DEOH+LVWRU\RIWKHEHVWFKURPRVRPH
*HQ

&KU
 &KURPRVRPH
&KURPRVRPH
W\SH 3DUHQWV
FXW
SRLQW ))
6LPLODULW\WRWKHEHVW
FKURPRVRPH
$YH
VLP
0LQ
VLP
0D[
VLP
   %HVW        

       
  
       

       
         
       
«



       
  
       
  8     
       

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,Q WKH LQLWLDOSRSXODWLRQJHQHUDWLRQFKURPRVRPHVDQGKDYH WKHVDPHVLPLODULW\HYHQ WKRXJKWKH\KDYH
VLJQLILFDQWO\GLIIHUHQWILWQHVVIXQFWLRQYDOXHVDQGUHVSHFWLYHO\ ,QHDUO\JHQHUDWLRQVPLQLPXPDYHUDJH
DQGPD[LPXPVLPLODULWLHVGLGQRWVKRZDYHU\FOHDUSDWWHUQ+RZHYHUDVZHJRWFORVHUWRWKHEHVWFKURPRVRPHDOO
WKUHHPHDVXUHVLQFUHDVHG)LJXUHVKRZVWKHFKDQJHLQVLPLODULW\YDOXHVE\JHQHUDWLRQV


)LJXUH&KDQJHLQVLPLODULWLHVE\JHQHUDWLRQV

,Q 7DEOH  YDULRXV FKURPRVRPHV DUH OLVWHG LQ WKH RUGHU RI LQFUHDVLQJ ILWQHVV IXQFWLRQ YDOXHV DORQJ ZLWK
JHQHUDWLRQVWKH\ZHUHREVHUYHGDQGDYHUDJHVLPLODULW\YDOXHV

7DEOH&KURPRVRPHW\SHVDQGJHQHUDWLRQQXPEHUV
&KURPRVRPH
7\SH &KURPRVRPH
*HQHUDWLRQ
QXPEHUV
)LWQHVV
)XQFWLRQ
$YHUDJH
6LPLODULW\
    
    
    
    
    
    
    
    
    
    
    
    
    
    
8 1$  1$ 1$

7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURP7DEOHDQG7DEOH
 7KHUH DUH RQO\  XQLTXH DQG  UHSHDWLQJ FKURPRVRPHV LQ WKH JHQHUDWLRQIDPLO\WUHH 7KHUH DUH 
 GLIIHUHQWSRVVLEOHFKURPRVRPHW\SHV
 *RRGFKURPRVRPHVZKLFKKDYHEHWWHUILWQHVVIXQFWLRQYDOXHVWHQGWRUHSHDWPRUHWKDQEDGFKURPRVRPHV
LHFKURPRVRPHVDQG
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
)LJXUH)DPLO\WUHHRIWKHEHVWFKURPRVRPH

 *RRG FKURPRVRPHV WHQG WR UHSHDW PRUH DW FORVHU JHQHUDWLRQV WR WKH EHVW FKURPRVRPH JHQHUDWLRQ LH
FKURPRVRPHVDQG
 ,QFUHDVHGVLPLODULW\ WR WKHEHVWFKURPRVRPHGRHVQRWQHFHVVDULO\PHDQEHWWHU ILWQHVV IXQFWLRQYDOXH)RU
H[DPSOHFKURPRVRPHW\SHDQGFKURPRVRPHW\SHKDVVDPHVLPLODULW\EXWWKH\KDYHDQGDV
ILWQHVVIXQFWLRQVUHVSHFWLYHO\6LPLODUO\FKURPRVRPHKDVORZHUVLPLODULW\WKDQWKHVHWZRFKURPRVRPHV
EXWEHWWHUILWQHVVIXQFWLRQYDOXH
 %DGFKURPRVRPHVUHSHDWDWRQO\EHJLQQLQJJHQHUDWLRQVLHFKURPRVRPHVDQG
 &KURPRVRPHLVWKHPRVWUHSHDWLQJFKURPRVRPHLWUHSHDWVDOPRVWWZLFHDWHYHU\JHQHUDWLRQLWH[LVWV

7DEOH*HQHUHSUHVHQWDWLRQRIWKHEHVWFKURPRVRPHDQGFKURPRVRPHVDQG
&KU           )) VLPLODULW\
%HVW 1 1 0 1  0 1 0 1 0  
 1 1 0 1  0 1 0 1 0  
 1 1  1  0 1 0 1 0  
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 7KHUHDUHRQO\GLIIHUHQWFKURPRVRPHVQDPHO\FKURPRVRPHVDQGDWJHQHUDWLRQVDQG
7KLVPHDQVWKDWRQO\WKHVHWZRFKURPRVRPHVZHQWWKURXJKPDWLQJSURFHVVZLWKHDFKRWKHU
7DEOHLVIRUPHGWRFRPSDUHWKHJHQHVRIWKHEHVWFKURPRVRPHDQGWKHPRVWUHSHDWLQJFKURPRVRPHVDQG
DWFORVHUJHQHUDWLRQVWRJHQHUDWLRQ7KLVWDEOHVKRZVWKDWJHQHVDUHUHSHDWLQJQDPHO\JHQHV
DQGDWDOORIWKHVHFKURPRVRPHV$PRQJWKHVHWKHODVWILYHJHQHVDQGWKHILUVWJHQHVIRUPEORFNV
$IDPLO\WUHHLVIRUPHGLQRUGHUWRKDYHDJUDSKLFDOLOOXVWUDWLRQRIWKHDQFHVWRUVRIWKHEHVWFKURPRVRPH)LJXUH
VKRZV WKH IDPLO\ WUHH RI WKH EHVW FKURPRVRPH ,W VWDUWV IURP WKH WK JHQHUDWLRQ DQG JRHV EDFN WR WKH LQLWLDO
SRSXODWLRQ ,Q WKH ILJXUH WKH FLUFOHV UHSUHVHQW WKH IDWKRPHGRIIVSULQJVPHDQLQJ WKHUH LVPRUH WKDQ RQH FRS\ RI
FKURPRVRPHIURPWKDWFKURPRVRPHW\SHDWWKDWJHQHUDWLRQOHYHODQGWUDFLQJRQO\RQHRIWKHPLVHQRXJKWRILQGWKH
SUHYLRXVDQFHVWRUV5HFWDQJOHVDUHWKHRIIVSULQJVWREH WUDFHG WRWKHLQLWLDOSRSXODWLRQ5HSHDWLQJFKURPRVRPHVDW
HDFKJHQHUDWLRQFDQEHVHHQHDVLO\LQWKHVDPHILJXUH&KURPRVRPHVDQGGRPLQDWHWKHIROORZLQJJHQHUDWLRQV
VWDUWLQJIURPJHQHUDWLRQ)LJXUHFDQEHXVHGWRLGHQWLI\LQLWLDOSRSXODWLRQFKURPRVRPHVWKDWUHSUHVHQWWKHEHVW
FKURPRVRPH &KURPRVRPHV    DQG  DUH DQFHVWRUV FRQWULEXWRUV RI WKH EHVW FKURPRVRPH 7DEOH  VKRZV
SURSHUWLHVRIWKHVHFKURPRVRPHVDVZHOODVQRQFRQWULEXWLQJFKURPRVRPHV,WLVVXUSULVLQJWRVHHWKDWVRPHRIWKH
EHWWHU FKURPRVRPHV ZLWK UHVSHFW WR ERWK ILWQHVV DQG VLPLODULW\ FRHIILFLHQWV ZHUH QRW LQYROYHG LQ HYROXWLRQDU\
SURFHVVHVLQILQGLQJWKHEHVWFKURPRVRPH

7DEOH)LWQHVVIXQFWLRQVDQGVLPLODULWLHVRIDQFHVWRUV¶RIWKHEHVWFKURPRVRPHDWLQLWLDOSRSXODWLRQ
1RQFRQWULEXWRUV &RQWULEXWRUV
&KURPRVRPHQXPEHU )) VLP &KURPRVRPHQXPEHU )) VLP
     
     
     
     
     
     


5. Conclusions 
7KH*$+LVWRU\VRIWZDUHJLYHVXVXVHIXOLQVLGHLQIRUPDWLRQDERXWWKHKLVWRU\RIWKHEHVWFKURPRVRPH,WPD\EH
XVHGWRGHWHUPLQHJRRGJHQHEORFNVDQGJRRGFKURPRVRPHVIRUWKHLQLWLDOSRSXODWLRQ7KHSUHOLPLQDU\UHVXOWVVKRZ
WKDWEHWWHUFKURPRVRPHVLQWKHLQLWLDOSRSXODWLRQPD\QRWFRQWULEXWHWRWKHEHVWFKURPRVRPHDWWKHHQG7KHUHDUH
DOVRVXUSULVLQJUHVXOWVLQ WHUPVRI VLPLODULW\DQG WKH ILWQHVV IXQFWLRQYDOXHLH WKHUHPD\EHJRRG FKURPRVRPHV
ZLWKKLJKILWQHVVYDOXHVEXWYHU\ORZVLPLODULW\WRWKHEHVWFKURPRVRPH$VWRWKHHYROXWLRQDU\SURFHVVWKHUHZHUH
VHYHUDOJRRGFKURPRVRPHVUHSHDWLQJIURPJHQHUDWLRQWRJHQHUDWLRQLQWKHODWHUSDUWRIWKHSURFHVV WKDWHYHQWXDOO\
OHG WR WKHEHVW FKURPRVRPH6RPHJRRG FKURPRVRPHVGURSSHGRXWDV WKHQXPEHURIJHQHUDWLRQV LQFUHDVHGHYHQ
WKRXJKWKH\ZHUHSURPLVLQJDWWKHEHJLQQLQJ:HEHOLHYHWKDWWKHUHLVPRUHZRUNWKDWQHHGVWREHGRQHWRVWXG\WKH
HYROXWLRQDU\SURFHVVDQGGLVFRYHUUHODWLRQVLIDQ\ZLWKGLIIHUHQWSUREOHPVDQGLQGLIIHUHQWGRPDLQV

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